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ABSTRACT 
A number of adhesive systems for the direct bonding of or-
thodontic attachments to the tooth surfa ce have been reported 
during the l as t f ive years . The purpose of this investigation 
is to evalua te clinically a new bonding syst em which appears to 
have apparen t advantages over previous techniques. 
Seven months trial of 552 brackets in the mouths of 59 pa-
tients is not enough time to completely evaluate the system. 
However, it appears to have greater stability and durability in 
the actual treatment of malocclusions than previous techniques. 
These brackets can withstand comprehensj_ve treatment procedures 
including the use of extraoral forces and torquing moments. Ad-
ditionally, these brackets can be placed efficiently and quickly. 
There are many advantages to such a handless technique to 
both the patient and the orthodontist. Patient discomfort is 
minimized by the elimination of "tooth separation" often neces-
sary for band adaptation and -cementation. Stresses on the ortho-
dontist are reduced due to the elimination of banding appoint-
ments. Decalcifications, due to disintegration of the cement 
under the bands, are decreased since there is no partial cement 
washout without complete dislodgement of the bracket. Gingival 
irritations are drastically reduced since there are no bands 
to seat subgingivally. The patient's oral hygiene appears to 
. 
be improved with the elimination of the bands and aesthetics is 
greatly improved. 
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INTRODUCTION 
Precise tooth movement is best accompli s hed when the 
toothmoving forces can be controlled in all three planes of 
space. One method of achieving this control i s by the use 
of fixed orthodontic appliances. To da t e , t he most common 
method of utilizing fixed appliances is by the use of band-
bracket assemblies on the individual teeth. The task of plac-
ing this type system is a cumbersome and sometimes uncomfort-
able procedure, principally because of the band seating phase. 
The introduction of customized, preformed and prewelded bands 
has exemplified the trend in orthodontics to simplify tech-
niques. A further simplification is the direct bonding of the 
orthodontic attachments to the tooth, eliminating the arduous 
task of placing bands on the individual teeth. 
There are advantages of such a system to both the ortho-
dontist and the patient. For example, the initial procedure 
is generally "tooth separatio.n". This is necessary to allow 
for the interproximal thickness of. the metal bands and is gen-
erally uncomfortable for the patient. Arch length may also be 
compromised due to this band thickness. The metal bands are 
seated subgingivally in the posterior segments of the mouth to 
minimize caries and this may cause gingival irritation. Also, 
enamel decalcifications may result due to partial cement "wash 
out" allowing the band to become loose and caries forming ele-
ments to ingress under the band. 
Direct bonded attachments minimize gingival irritation 
8 
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since they are placed supragingivally. There is no need for 
separating the teeth since no material is applied to the inter-
proximal surfaces; therefore, arch length is not sacrificed. 
Enamel decalcifications would be decreased since there can be 
no partial adhesive "wash out" without complete separation of 
the attachment from the tooth. 
~o date, several direct bonding systems have been described 
(1,2,3,4,5,6,7), but unfortunately these systems have apparent 
disadvantages. For example, Retief et al (5), reported a 2clfe 
failure rate while Newman's (2,3,4) success was limited to the 
maxillary anterior teeth and light forces. Miura et al (7), 
describes a system which appeared adequate for comprehensive 
treatment, but no gear application or long term data were shown. 
An adhesive system for direct bonding has many obstacles 
to overcome. It must be able to withstand the stresses of mas-
tication as well as the forces exerted during active tooth move-
ment by archwires and extraoral appliances. The adhesive must 
be able to withstand the extreme and rapid temperature and ph 
changes of the humid oral environment. The cement must allow 
for the orthodontic attachments to be positioned rapidly, re-
main in place for a reasonable treatment period, . and be easily 
removed with minimal effect upon the integrity of the tooth. 
The purpose of this investigation was to clinically eval-
uate a direct bonding system using adhesives that meet the above 
criteria. 
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LITERATURE REVIEW 
The bonding or' orthodontic attachments to the enamel 
surface of teeth involves the use of an adhesive at the 
tooth-bracket interface. Therefore, a basic unders tanding 
of adhesion and dental adhesives is necessary in developing 
a direct bonding system. 
ADHESION 
Adhesion may be defined as molecular attraction at an 
interface. These attractive forces may be physical or chemical 
in nature. - Physical forces include Van der Waal's forces, and 
are related to the existence of dipoles. Hydrogen bonding is 
, 
an example of this dipole-dipole interaction. Chemical bonding 
results from the formation of covalent, ionic, and metallic 
bonding. Chemical bonds are considerably stronger than phys-
ical bonds. (8) 
The torces of molecular attraction between surfaces re-
sponsible for adhesion act only at ·short distances of separa-
tion. Surfaces which are flat at an atomic level will adhere 
spontaneously. The extremely strong bond (14,000 lbs. per 
square inch) between mica sheets is an example of this. Sur-
faces which are not flat at an atomic level and are separated 
by more than 1 or 2 ten thousandths of a micron exhibit very 
little adhesive force. (1) 
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Poole and Johnson (9) have shown that enamel surfaces are 
not smooth and flat. For this reason, an adhesive must be in-
troduced between the enamel surface and the surface to be bonded. 
This produces the molecular proximity necessary for adhesion. 
An adhesive, as described by Newman (10), is "A substance 
capable of holding materials together by surface attachments." 
In order to produce the molecular closeness necessary for ad-
hesion, the adhesive must wet the substrate. The joint strength 
between the two substrates is related to the wettability of the 
substrate. 
WETTING AND CONTACT ANGLES 
Attractive forces exist between molecules of the adhesive 
and molecules of the substrate. Wetting (giving molecular 
nearness to) is a manifestation of these forces. The degree 
of wetting is dependent upon the contact angle at which the 
boundary of the liquid adhesive meets the surface of the sub-
strate. (8) The smaller the ·contact a,ngle, the greater the 
degree of wetting and thus the stronger the attraction. An 
example of poor wetting is the beading of water droplets on 
the hood of a freshly-waxed surface. Wetting is not only in-
fluenced by the viscosity and surface tension of the adhesive 
but also by the surface of the substrate. An approach to ob-
taining adhesion to hard tissue is to prepare the tooth surface 
(substrate) so as to make it more wettable and thus more suit-
able for bonding. , 
1 1 
ACID ETCH 
One method of conditioning the tooth surface so that it 
will be more suitable for bonding was presented by Dr. Michael 
Buonocore (11) in 1955. He suggested that the use of acids in 
the pretreatment of tooth surfac es prior to bonding may increase 
the wettability of the surface. By pretreating the labial sur-
faces of incisors and some premolars with 8~b phosphoric acid, 
he found a substantial increase in bond strength of an acrylic 
resin and tooth enamel in vivo. In addition to the increased 
wettability of the surface, other factors may be responsible 
for the increased bond strength. According to Buonocore, these 
are: 
1. A tremendous increase in surface area due to etching. 
2. Exposure of the organic material of enamel to which 
the acrylic can adhere. 
3. Removal of old fully reacted and inert enamel surface 
to expose a more reactive surface. 
4. Adsorption of highly· polar phosphate groups from the 
acid used. 
Swanson and Beck (12), while screening Eastman 910 as a 
. 
dental adhesive, confirmed Buonocore 1 s findings concerning 
the importance of acid etching in relation to bond strength. 
Fifteen bonds were tested while etching the enamel with ortho-
phosphoric acid for one minute. The total bonding results were 
classified as unsuccessful but it was concluded that better re-
sults were obtained with the etching procedure. They also in-
dicated moisture to be the greatest deterrent to good adhesion. 
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Gwinnett and Buonocore (13), in 1965, evaluated a 
number of solutions for pretreating enamel surfaces prior to 
bonding. They noted that with increased concentrati ons , pro-
gressively less changes were produced on the enamel surface. 
A 50% $Olution of phosphoric acid was found to produce ~he 
least histological change. It was noted that after a two-
minute treatment, the etch was of no more than 2-3 microns 
and a total histological change of only 10 microns. 
, In 1966, Newman and Sharpe (14) further confirmed the im-
portance of acid etching. They demonstrated that the water 
contact angle of untreated teeth could be decreased from a 
mean of 70° to a mean of 53° by pumicing alone. Further treat-
ment of the teeth with 85'~ phosphoric acid for 60 seconds re-
duced the contact angle to the point that a drop of water spread 
over the entire labial .surface of the tooth spontaneously. It 
should be noted that simultaneous spreading of water on a sur-
face is generally regarded as indicating that the surface is 
suitable for adhesive bonding • 
• The procedure was repeated using a liquid epoxy adhesive, 
-diethylaminopropylamine. After pumicing and treatment with 
phosphoric acid, a drop of the adhesive also spread over the 
entire labial surface of the tooth. 
They concluded that surface pretreatment with 85'fe phos-
phoric acid converts the normally hydrophobic surface to a 
hydrophillic surface. Such a surface is readily wetted by 
water and the tested epoxy resin. 
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Mulholland and DeShazer (15), in 1968, studied the effects 
of acid pretreatment solutions while varying the molarity and 
ph. Monovalent (hydrofluoric and hydrochloric) and polyvalent 
(phosphoric and aspartic) acids were used to pretreat freshly 
extracte.d maxillary anterior teeth before bonding orthodontic 
attachments with Addent. A definite correlation between an 
increase in bond strength and a decrease in ph was observed. 
Lee et al (16), in 1970, found citric acid to be a mild-
er etching agent than phosphoric acid. They found that the 
perichymate was dissolved less rapidly with the citric acid. 
They felt ~hat the cleansing of the tooth with citric acid, 
or some equivalent system, prior to any attempt to achieve 
an optimum bond appeared to be essential. 
Kately (17) studied the etching effects of citric acid, 
phosphoric acid and combinations of the two on extracted lower 
anterior human teeth using the Scanning Electron Microscope. 
He found that the citric acid gave a smoother outlining of 
the prisms, while the phosphoric acid gave a very jagged sur-
face. Etching with 50'fo phosphoric acid for a full two min-
utes caused the enamel crystalline structure to appear to have 
melted or fused. 
Laswell, Welk and Regenos (18) used an acid etch technique 
. 
in the restoring of simple fractures of the incisal corner of 
. 
maxillary incisor teeth. They agreed ~hat phosphoric acid 
pretreatment of enamel surfaces greatly enhanced the strength 
of attachment of the acrylic resins. 
14 
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Lee, Phillips and Swartz (19), using bovine teeth, also 
confirmed the reports of Buonocore and others that pretreating 
enamel surfaces with 50'fe phosphoric acid significantly im-
proved the bonding strength of resins. 
It is apparent that bonding of resins to teeth is enhanced 
by slight etching of the enamel surfaces. 
Gwinnett and Buonocore (13) suggest that the following 
possibilities should be considered for the increased bonding 
strength due to the acid etching: 
l. Polymerization of the resin in and about a network 
of organic material exposed on the prism surface by 
acid etching. 
2. Penetration of monomer into interprismatic and intra-
prismatic spaces created by the etching with subse-
quent polymerization. 
Using a rapidly curing liquid monomer, methyl-2-cyano-
acrylate (Eastman 910) and a special filler developed by 
Buonocore which allowed for controlled polymerization, a study 
was undertaken to examine interface areas. Ground sections with 
attached adhesive were decalcified.in 12% hydrochloric acid and 
the ~dhesive surfaces examined under the microscope. They 
found the surface of the adhesive to possess more or less con-
tinuous ••tag-likeu projections or filaments closely resembling 
enamel prisms. These tags, approximately 10 microns in length, 
were believed to be adhesive material which had penetrated 
superficially into the enamel. · 
Basic fuchsin dye and radioisotope s35 sulfate failed to 
penetrate the interface area even after the bond areas were 
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exposed to water for six months. 'rhis demonstra ted the inti-
mate relationship between the adhesive and the enamel. 
These results suggest that the adhesion between the enamel 
and the adhesive probably involves both mechanical retention 
from the penetration of the adhesive into pores und spaces cre-
ated by the conditioning agent and a chemical combination of 
the adhesive with the organic and/or inorganic phase of enamel. 
Gwinnett and Matsui (20) studied the interface between 
several materials and treated and untreated labial surfaces of 
human incisor and canine teeth. The conditioning solution was 
zinc phosphate cement liquid and it was allowed to remain on 
the tooth for two minutes. 
Filamentous "tag-like" extensions were also seen at the 
interface where material had contacted . the ·etched enamel surface, 
Each "tag" was continuous vii th its neighbor to form a continuous 
structure. No "tags" were observed on untreated areas or sites 
where "pr:l,.smless" enamel existed. Tag lengths varied with 
material and tooth surface. The "tag" region closely resembled 
enamel prisms • 
. This finding suggests that mechanical retention plays an 
important role in bonding of many adhesives to tr.eated enamel 
surfaces. The penetration. of adhesive material into the .micro-
scopic pores in the enamel surface creates a tremendous surface 
area availabl.e for bonding and opens up spaces or pores in the 
enamel into which the adhesive can flow and ultimately poly-
merize there in. 
, 16 
If the material is strong intrinsically, the strength of 
the mechanical bond would increase with increased penetration 
of the material into the enamel. In turn, and assuming that 
the adhesive material has good "wetting" properties for enamel, 
the extent of penetration will depend very largely upon the 
number of spaces in the enamel into which the material can 
flow. The depth of penetration, namely, "tag length", will 
also depend upon the speed of polymerization of the material. 
If the material sets rapidly, then any free monomer present 
in the early stages of polymerization may have little time to 
penetrate. 
Buonocore, Matsui and Gwinnett (21), further confirmed that 
enhanced bonding is associated with the presence of "prism-like 
tags" that are formed by penetration of the resin into enamel 
spaces created by acid conditioning; Bonfil, Servitron, Addent, 
Dakor and two experimental adhesives were used in conjunct on 
with a conditioning agent whi~h was a solution of 50'fe phosphoric 
ac'id and 7'fe zinc oxide by weight. The conditioning agent was 
applied . for one minute. . . 
REMINERALIZATION 
• 
There has been considerable concern among the· dental pro-
fession regarding the after effects of the etching agents. This 
concern prompted Bernstein (22) to conduct his test of Eastman 
910 without the benefit of the acid etching of the enamel sur-
face. Although all experimental bonds were broken in less than 
two months, the importance of bracket area and intimacy of 
, 17 
surface adaptation was noted. 
Buonocore (11) noted in his first report on a simple method 
of increasing adhesion that after removal of the acrylic, the 
enamel surface appeared opaque and white, but after a few 
days, its appearance returned to normal. He also reported no 
evidence of staining in the treated area. 
Lee et al (23), using a replica technique, were able to 
follow the course of the etch and subsequent remineralization 
in vivo. The replicas were studied under the Scanning Electron 
Microscope and showed essentially complete remineralization 
within 72 hours. In the study, the teeth were etched with 50'fo 
citric acid solution. The electron microscope showed that the 
plaque was readily removed and that the ends of the enamel rods 
were exposed. It was found that within 48 hours or less, the 
tooth surface reflected a considerable degree of remineralization. 
Newman's (3) surface replica studies by interferometer 
measurements revealed that acid preconditioned tooth surfaces 
returned to a smooth appearance resembling its original surface. 
The acid-conditioned pitted pattern had been eliminated by a 
smooth, tightly adhering pellicle of salivary origin. 
Newman and Facq (24) studied the effects of a solution 
containing 50'fo phosphoric acid for 30 seconds and then bonded 
with a resin. They removed the resin after 6 months and brushed 
the tooth surface 2,000 times ·,uth toothpaste on an electrically 
operated toothbrush. Upon examination of the tooth surface with 
the Scanning Electron Microscope, they found it to be as smooth 
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-as before pretreatment and only a trace of network structure 
was seen. Mechanical brushing repeated 2,000 times has the 
same effect as that of daily brushing for one week. 
It was also apparent on clinical observation tha t .the pre-
treated enamel surface regained a normal appearance from daily 
use of the toothbrush for 7 to 10 days after removal of the 
resin. Therefore, it can be said that any damage caused by 
pretreatment agents on enamel surfaces is clinically negligible. 
It is interesting to note that the zinc phosphate cements 
used in orthodontics have been found to have a ph of about 1.6 
during band cementation and that this acidic ph may be main-
tained for fifteen to forty-five minute periods after cemen-
tation. (25) 
Wisth, (26) on the other hand, states that zinc phosphate 
cement in t~e consistency used in the clinic, does not pre-
dispose for decalcification. 
These studies suggest that preconditioning of the enamel 
surface merely provides a clean, wettable substrate, with no 
apparent lasting harmful effects. Another important factor to 
consider, other than obtaining a wettable substrate, is the 
humid oral environment. 
One of the main problems with bonding orthodontic attach-
ments to enamel surfaces centers largely around the fact that 
one is dealing with a humid environment. Most adhesive chem-
ists agree that the presence of water is detrimental before 
and after bonding. However, a dental adhesive has no alternative, 
19 
it must be capable of bonding to tooth surfaces which may not 
be adequately dried for optimum adhesion. The adhesive must 
also maintain its adhesion in continuous contact with water. (8) 
This continuous contact with water results not only externally 
from the oral environment but also by the capillary movement 
or the internal enamel fluid to the enamel surface. (3) Loss 
of adhesion occurs because water has greater affinity for the 
enamel surface than the adhesive, and it displaces the adhesive 
from the surface. (8) 
In 1955, Rose et al (27), screened many acrylic and zinc 
phosphate cements and epoxies to determine bonding character-
istics to tooth enamel. They found that none of the materials 
tested maintained an adequate bond when immersed in water. It 
was determined that water results in a degradation of the ad-
hesive bond. They also indicated that the behavior of adhe-
sives when tested on dry teeth has no direct bearing on the 
potential adhesion of the same material in the presence of 
moisture. 
Sadler (28) surveyed four dental cements, one rubber-
base cement, two metal adhesives and two general adhesives. He 
bonded edgewise brackets to extracted human teeth. The adhe-
sive survey showed a lack of adhesion to the metal brackets. 
He concluded that none of the adhesives tested were capable of 
. 
bonding metal attachments to the teeth with a stability re-
quired for clinical orthodontics. 
Mitchell (1) tested polymerizing adhesives (epoxies), 
20 
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general purpose adhesives (Duco and Leech's cement) and dental 
cements (zinc phosphate and black copper cement) in his effort 
to eliminate the orthodontic band while retaining the neces-
sary orthodontic attachment. His preliminary studies indi-
cated moisture to be the prime factor in bond failure. The 
·epoxy-polyamide resin and the black copper cement were the 
only types tested that showed promising properties of hardness 
and bond strength when placed in water. 
Lipscomb (29), in 1943, used black copper cement to attach 
brass wire to impacted maxillary canines. 
Mitchell conducted a second series of tests utilizing a 
silicone grease to protect the cement regions from moisture. 
The epoxy and the copper cement again showed the most promising 
properties. 
These tests prompted him to design a special adhesive-
protecting bracket, the M bracket. After an unsuccessful 
attempt to .place two brackets· using the epoxy resins, he used 
black copper cement in the remainder of his tests. He suc-
cessfully closed maxillary diastemas in two patients and in-
truded four upper incisors on another. He also extruded two 
poorly erupted upper canines. 
He .concluded that his study, at best, says, "It can be 
done; teeth can be moved by forces exerted on bandless attach-
ments. The adhesive, as always, is still the weak -link." (1) 
Swanson and Beck (12), while testing Eastman 910, agreed 
with previous reports that the use of a waterproof adherend is 
necessary to protect the bond from moisture. 
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Smith (30) described a polycarboxylate cement which he 
says adheres to the enamel because of chelation by adjacent 
carboxyl groups of the polyacrylic acid \lfi.th the calcium pres-
ent in the apatite of tooth structure. Long term maintenance 
of adhesion to enamel and to stainless steel orthodontic 
brackets under oral conditions was claimed. 
Phillips and colleagues (34) tested this polycarboxylate 
cement on extracted bovine teeth. They found that it adhered 
better than the zinc phosphate cement. Eighty-four percent 
of the failures recorded were cohesive in nature. 
In. 1964, Dr. George V. Newman ( 10) published the first 
of a series of reports on the bonding of plastic orthodontic 
attachments to tooth enamel. Some of the initial research was 
done with epoxy resins (25) that resulted in joint strengths 
approaching the 400-500 psi desired for orthodontic treatment. 
The apparent non-toxicity of the epoxy compounds was demonstrated 
by irritation tests conducted· on the skin, mucous membrane and 
conjunctival mucosa of three rabbits. 
Dr. Newman and colleagues (2) later reported an adhesive 
system utilizing compounds containing homo and copolymers of 
methyl methacrylate (acrylic resins). One case was demonstrated 
with plastic orthodontic attachments bonded to the maxillary 
central. and lateral incisors. The attachments had been bonded 
19 months and lingual root torque had been applied using an 
.018 x .022 archwire. 
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In subsequent art icles (8, 24), eight clinical cases were 
reported and many shortcomings were apparent. For example, 
the permanency of the bond was variable and limited primarily 
to the maxillary anterior teeth. Light forces are necessary 
to prolong the bond streng th; therefore, rectangular archwires 
were not used. 
Retief et al (5) describe a technique for bonding util-
izing an epoxy resin compound. Numerous disadvantages were 
noted. The failure rate of 22% could possibly be attributed 
to technique. The prolonged curing rate made precise bracket 
placement a tedious task due to the tendency of the bracket to 
slide when the labial surfaces were inclined. The epoxy resin 
did not bond to stainless steel and the clinical application 
was a cumbersome procedure. The application of extraoral gear 
was demonstrated. 
Recently, Miura, Nakagawa and Masuhara (7) described a 
technique .that app~ars to be -promising although no gear ap-
plication was demonstrated. They suggest that the resin 
mixture, when applied to the wet tooth surface, can harden 
even under the slightly wet condition. This creates more 
. 
stable and durable bonding, because no shrinkage ·of the resin 
will occur on the side of the enamel surface. It is also 
suggested that a chemical bond may be present between the 
resin and the collagen in the enamel. To counteract the det-
rimental effects of saliva, a silane wetting agent is used as 
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a second pretreatment agent. The silane is thought to react 
chemically with calcium on the enamel surface as well as act 
as a wetting agent. 
A distinct disadvantage to this system is the inflamma-
bility and short shelf life of some of the materials. 
Dr. Michael Buonocore (32) has recently developed an ad-
hesive which is currently used as a pit and fissure sealant in 
the prevention of decay. The material appears to have excel-
lent possibilities as an · intermediate adhesive in the direct 
bonding of orthodontic attachments to the tooth surface. 
The major ingredients of the adhesive are three parts 
by weight of the reaction product of bisphenol A and glycidyl-
methacrylate, and one part by weight of methylmethacrylate 
monomer. Just before use, 2.0'; of Benzoin Methyl Ether is 
dissolved in the adhesive to form an ultraviolet light sensitive 
composition that is painted on the tooth surface with a fine 
camel hair brush. Because the material will not harden until 
exposed to UV light, the operator need not hurry when he is 
applying it to the tooth surface. 
After the tooth surf~ce is adequately covered, the ad-
hesive is hardened in a few seconds by exposure to rays of 
long-wave UV light. The UV light is a high intensity source 
of 8,400 microwatts/cm2 of radiation in the region of 3,600° A 
at a distance of 18 inches. 
Two hundred pits and fissures were treated with this 
material. Only one failed in a one-year period and there 
24 
appeared to be little change from the amount of adhesive 
initially placed on the teeth. Complete coverage after two 
years was present on 87% of the permanent tooth surfaces. (33) 
Using this adhesive technique, it appears that one may 
place brackets quickly and efficiently on the teeth which can 
withstand conventional treatment forces. 
25 
METHODS AND MATERIALS 
This study involved the direct bonding of 552 plastic 
brackets to conditioned enamel surfaces in 59 different pa-
tients. Both arches were involved in the bracketing; of the 
total number of brackets placed, 146 were on bicuspids, 148 
on cuspids, and 258 on incisors. Molars were conventionally 
banded due to the lack of an adequate molar attachment. 
At this writing, the study has been in progress for 
seven months. Patients were randomly selected and bracketed 
throughout this time. As such, some brackets have been re-
cently placed, while others represent those from the begin-
ning of the seven months. 
ADHESIVE 
The adhesive system is composed of two components. One 
. . 
adhesive acts to give a strong mechanical bond to the enamel 
surface of the tooth. The second is thought to chemically 
bond to the first component. 
1. The adhesive used to mechanically bond to the enamel 
surface of the tooth is a pit and fissure sealant ·developed by 
Dr. Michael Buonocore (32). The sealant was developed to be 
used prophYlactically in the p~evention of caries. It is used 
to seal the deep pits and fissures of the teeth in such a way 
as to render them impregnable to caries attack. A report of a 
26 
clinical trial or two years showed the sealant was completely 
intact on 87'fe or the treated teeth (33). 
The sealant, known commercially as Nuva-seal*, is a 
nclear, syrupy, liquid containing the reaction products of 
bisphenol A and glycidyl methacrylate (3 parts by weight) 
• 
and one part by weight of methyl methacrylate monomer in 
which is dissovled an ultraviolet light-sensitive catalyst. 
Synthetic calcium hydroxyapatite and calcium fluoride were 
added to the adhesive. 11 (32) 
2. The second half of the adhesive used in the technique 
is produc~d by G.A.C. International Company under the trade 
name o! Bracket Bond. It consists of a clear liquid and 
. 
powder mixed in approximately five parts liquid to two parts 
powder ratio. 
BRACKET 
The attachments used in this study were various prototypes 
of lexan and polycarbonate plastic brackets being developed by 
· G.A.C. · International Company. Although this report is confined 
to plastic brackets, preliminary investigations with metal 
brackets indicate that they may also be utilized with this 
technique. However, a means of mechanical retention must be 
incorporated within the base of the bracket since the .adhesive 
. . 
does not adhere to stainless steel. 
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Before tooth preparation, the plastic brackets are con-
toured for maximum adaptation to the tooth surface, utilizing 
a Howe plier and ligature cutter. The backs of the brackets 
are then roughened and wiped with alcohol to provide greater 
surface area and to eliminate any surface contaminants from 
handling. The bracket·s are then placed aside. The teeth 
are then prepared to receive the brackets in the following 
manner. 
PREPARATION OF THE TEETH 
1. A thorough prophylaxis with fluoride free pumice is 
performed · to remove al.l traces of plaque and other debris. 
(fig. 1) 
2. The patient is allowed to rinse and the teeth are 
then isolated and air-dried. Isolation may be accomplished 
using the rubber dam technique (fig. 2) or cotton rolls and 
a saliva ejector. It is imperative that the teeth from this 
point on be kept free from oral contaminants. Minute water 
vapor. particles or oil droplets present in many air compres-
sors must also be eliminated as it will cause failure of the 
sealant's bonding into the enamel surface or of the adhesive 
bonding to the sealant itself. 
3. The tooth conditioner is a 5(1'; phosphoric acid sol-
ution containing 7% zinc oxide. by weight. It ia · applied to 
all surfaces which are to be ·bracketed by mc ?.ns of a cotton 
pellet held with cotton pliers. (fig. 3) The conditioner is 
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continuously rubbed on the tooth surface for 60 s econds : 
5 additional seconds is added for each additional tooth to 
be bracketed. 
4. The conditioned teeth are then thoroughly washed with 
water and air-dried. The teeth at this point should appear 
chalky white in color if they have been adequately conditioned . 
(fig. 4) 
5. The sealant is applied to the conditioned enamel sur-
faces with a fine camel hair brush using short, overlappi ng 
strokes. (fig. 5) Care must be taken to avoid the interprox- · 
imal surfaces so as to prevent bridging. Clinical observa-
tions have indicated that inadvertent splinting of two or 
more teeth by the sealant can inhibit individual tooth movement. 
6. The sealant is then polymerized by holding the ultra-
violet light approximately 2-3 mm. from the tooth surface. 
(fig. 6) This is done for 20-30 seconds per tooth. 
?. The teeth are then thoroughly wiped with a wet cotton 
roll to remove any unpolymerized sealant. (fig. 7,) An air 
syringe is then used to dry the teeth. 
8. The G.A.C. adhesive is then mixed to a syrupy con-
sistency. (fig. 8) In multiple bracketing procedures, it may 
be necessary to add additional monomer to the mix in order to 
maintain the optimal consistency. Each bracket · is held with a 
small hemostat-like plier· and ·dipped into the loosely-mixed 
cement so that a thin film coats the adhering surface of the 
bracket. (fig. 9) The bracket is then placed firmly against 
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the tooth. (fig 10) Individual positioning must be accomplished 
within 10-15 seconds for maximum bond strength. A five minut e 
setting time must be allowed prior to placement of archwires. 
REMOVAL 
The brackets may be removed with a -ligature cutter applied 
at the base of the bracket. The remaining adhesive is then 
removed with a sharp scaler. The teeth are then pumiced 
thoroughly and topical fluoride is applied. 
Another method may be employed using an octagonally-
shaped Rotopro burr in a high-speed handpiece. This vibrates 
the brack~t from the tooth without damaging the enamel surface . 
ADHESIVE INTERFACES 
In order to study the bracket-adhesive; adhesive-enamel 
interface, brackets were placed on teeth to be extracted, . 
using this direct bonding system. After extraction, the teeth 
were placed in a saline solution and then refrigerated. The 
teeth were later sectioned longitudinally to be studied under 
the Scanning Electron Microscope (SEM). 
It has been found that the sealant disintegrated under 
the electron beam of the SEM. Therefore, the following rep-
lica technique was utilized. 
The sectioned tooth is copied by means of an acetate tape. 
One side .of the tape is softened 'with acetone and with thumb 
and/or index finger the tape is folded over the specimen with 
the wet side in contact with the specimen. Careful pressure 
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is applied in a way as not to moisten the top surface of the 
tape since the sticky soft surface which is created makes it 
difficult to push the tape on to the surface that has to be 
replicated. The tape is given ample time to harden and is 
then carefully removed from the specimen. The first imprint 
is discarded and merely used to remove dust and polishing 
particles from the specimen. 
In order to fabricate a positive image, a silicone rubber 
material, silflo*, is mixed and applied to the acetate replica. 
After the material has set, the impression is separated. The 
positive impression is now coated in a vacuum with a minute 
layer of gold. An exact duplicate of the original can now be 
examined under the Scanning Electron Microscope at magnifica-
tions of 10,000 X and higher. 
' ' 
• 
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RESULTS 
The clinical results show that out of 552 brackets placed 
over a seven month period, 43 were lost. This represents a 
7.8% failure rate. In addition, the losses were distributed 
throughout the seven month period and showed no consistent pat-
tern of loss in relation to time of placement. 
All types of conventional treatment force systems were 
used. For example, extraoral forces (fig. 11) and torquing 
auxiliaries (fig. 12) were applied. 
Table 1 shows the distribution of bracket dislodgement. 
It can be seen that the greatest amount of bracket failure oc-
curred with the bicuspids. 
Scanning Electron Microscope studies were made of the var-
ious interfaces. The enamel-sealant interface showed the same 
"tag-like" structures as observed by previous investigators. 
(13,20,21) (fig. 13) These "tags" were approximately 10-20 
microns in. length and were thought to represent penetration of 
the sealant into the conditioned enamel surface. The sealant, 
. with the exception of these "tags", appeared as a thin smooth 
interface. (fig. 14) 
The sealant-bracket bond interface (fig. 14) showed no 
physical penetration of either material into the other. The 
interface appeared to be of greater density than either the 
sealant or bracket bond. (fig; 15) 
The bracket bond-bracket interface (fig. 14) was shown as 
a wavy line with no penetration of either material into the other. 
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A study was initiated to compare bracket failure with 
that of conventional banding procedures but due to the high 
percentage of success with direct bonding, it was not thought 
to be significant. 
• 
33 • 
DISCUSSION 
The intensive search for a direct bonding system j_s re-
lated to the obvious advantages of such a system to both the 
patient and the orthodqntist. For example, tooth separation 
and band adaptation in tight contacting areas of non-extraction 
cases would be eliminated. This, along with band cementation, 
is sometimes an uncomfortable experience for the patient and 
a stressful situation for the orthodontist. This procedure is 
unnecessary when the attachments are bonded directly to the 
teeth. 
Another advantage to a handless technique is related to 
the diagnosis and treatment planning of borderline extraction 
cases. For example, the total space occupied by the bands and 
cement can be as much as 2.5-3.5mm. A moderate crowding case 
could have a discrepancy of only 4-5rnm. This could sometimes 
be handled by judicious stripping of interproximal tooth sur-
face. However, when one considers the additional band space, 
the whole treatment plan may be altered. Also, the last stage 
of treatment usually involves the closing of band spaces. A 
direct bonding system obviously eliminates this step. 
The problem of decalcification that occurs when decay form-
ing elements ingress under loose fitting bands is a constant ad-
versary of the orthodontist. Customized, preformed bands have 
' 
done much to reduce the number of loose bands due to the desin-
tegration of cement under the bands. A direct bonded attachment 
does not have this problem since it does not become loose with-
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out complete dislodgement. Buonocore and colleagues (21) have 
shown that a resin coating may actually increase the resistance 
of enamel to acid decalcification. They also suggest that this 
protection may remain after the resin has been dislodged. 
Gingival irritations often occur when the metal bands are 
cemented subgingivally in the posterior segments of the arch. 
It also appears that a large number of fully banded patients 
have difficulty adequately cleaning their teeth and appliances. 
The hard-to-clean overhanging edges of the bands entrap food 
particles and may cause or predispose to soft tissue irritations. 
Direct bo~ded attachments do not have these overhangs and there 
fore the teeth and attachments are easier to clean. This could 
possibly be the reason the patients with bonded brackets appear 
to have better oral hygiene habits and fewer gingival problems. 
A potential disadvantage to a handless system may exist. 
The interdental band material affords the teeth a certain amount 
of protection from interproxi~al caries. The elimination of 
this protection may predispose to an increased caries rate due 
to the difficulty of cleaning these areas with archwires in place. 
However, one could argue the advantages of free interproximal 
areas since direct bonded attachments do not hinde~ the analysis 
of radiographs or restorative procedures. Also, the time saved 
by direct bonding may well be spent with a more vigorous program 
of oral hygiene instructions. 
An alternative to the practice of cementing metal bands to 
teeth has been presented. Seven months trial of 552 brackets in 
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the mouths of 59 patients is not enough time to completely 
evaluate the system. The results indicate that these brackets 
can withstand comprehensive treatment procedures including the 
use of extraoral forces and torquing moments. Additionally, 
these brackets can be placed efficiently and quickly. 
At least three other direct bonding systems have been de-
scribed. However, these appear to have certain disadvantages. 
For example, the first successful technique was reported by 
Newman (2,3,4,l0,14,24,25), yet his brackets were limited to 
the maxillary anterior teeth and very light forces. We employed 
forces of .over a pound per side with extraoral appliances ·With-
out adverse effects to the adhesive joint. 
Retief et al (5), described an epoxy base adhesive which 
aicording to them, appeared capable of sustaining comprehensive 
treatment procedures. A failure rate of 2zi~ was reported as 
compared with 7.f!!Yo experienced by our system. 
Recently Miura et al (7)., utilizing an additional enamel 
preconditioning or wetting agent, reported on a number of clin-
·· ically treated ca~es. The system described appeared to be the 
best currently available, but no gear application was apparent 
and long term results were lacking. Admittedly, our system, 
has only been tested for seven months and has no apparent ad-
vantage in longevity thus far, however, long term results are 
anticipated. 
The Miura system involves a one-step procedure for appli-
cation of the adhesive and bracket. This may be an advantage 
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over the system presently tested which involves the applica-
tion of two adhesive systems. One system forms a bond to the 
tooth surface; the second adhesive bonds the bracket. How-
ever, this may not be a disadvantage due to the ease of appli-
cation and quick setting time of our system. The first ad-
hesive hardens within 20-30 seconds after exposure to the ultra-
violet light. The second adhesive sets adequately within two 
minutes so that further isolation of the teeth is unnecessary. 
The Miura system, on the other hand, must remain isolated .for 
15 minutes to assure adequate setting to prevent dislodgement 
of the at~achments. It appears that only one arch could be 
treated per bottle of adhesive since once activated it is only 
good for 15 minutes. Many arches can be bracketed with our 
system sfnce, once activated, it has a 24-hour shelf life. 
Another distinct disadvantage of the Miura system is - the 
highly flammable nature of one of the materials. Our system is 
completely · safe. 
There may be certain apparent · advantages to the use of 
plastic attachments over metal brackets. A comparison of the 
bonded plastic brackets with the conventional fully banded· ap-
pliance (fig. 16) leaves no doubt as to the aesthetic advantages. 
For this reason, more adults may now seek orthodontic treatment 
for themselves. 
The bonded plastic attachments may also play an important 
role in anchorage considerations in diagnosis and treatment 
planning. Retraction of teeth with inter or intra arch mechan-
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ics involves the sliding of the archwire through the attach-
ment. The friction generated increases the strain on the an-
chorage requirements. The coefficient of friction for stain-
less steel and stainless steel (mild metal and mild metal) is 
0.57 while the coefficient of friction ·for stainless steel 
(mild metal) and laminated plastic is only 0.35. Since the 
bracket in this report is also plastic (polycarbonate), it may 
be safe to assume that the stainless steel and bracket coeffi-
cient of friction may approximate 0.35. Therefore, it follows 
that there would be less friction in a system using plastic 
brackets. It is suggested that further investigations of the 
coefficient of friction under oral conditions be undertaken.(34) 
It is necessary to discuss some of the reasons one might 
encounter failures with this technique. These failures may be 
either technical or physical in nature. 
The technical failures one may experience include the fol-
lowing: 
1. Failure to adequately clean the tooth before applying 
· the conditioning agent. Much of·the organic pellicle must be 
removed mechanically if proper conditioning of the tooth sur-
face is to occur. 
2. Traces of moisture remaining on the tooth surface when 
contraindicated. These traces of moisture may have resulted 
from oral contamination or improper drying of the tooth surface. 
This tends to prevent .adequate wetting of the tooth surface by 
the sealant. The instructions must be followed explicitly dur-
ing both stages of application of adhesive. 
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3~ Taking too much time to position brackets. After 
10-15 seconds the cement begins its initial set and any sub-
sequent movements of the bracket tends to weal-ten the final 
bond. 
4. Improper contouring of the braqkets for the individ-
ual teeth. It has been found that the closer the surface ad-
aptation of the bracket to the sealant on the tooth, the stron-
ger the bond to the bracket. Future brackets must be produced 
by orthodontic supply companies to fit the contours of the in-
dividual teeth. 
The physical topography of the enamel also plays an im-
portant role in the success of the adhesive bond to the enamel. 
Dobbs (35) and Brudevold (36) noted that the solubility of teeth 
decreases- with age, probably due to an organic deposit on the 
teeth. Gwinnett and Matsui (20) found that teeth which have 
been in the mouth for only a year or two readily demineralize 
when treated with acid while older teeth do not show as much 
evidenc~ . of etching. This variation in tooth enamel could pos-
. sibly account for some of the problems encountered in condition-
ing and bonding of some teeth. For example, it has been found 
oy previous investigators (13,20,21) that mechanical retention 
plays an important role in the bonding of the sealant to the 
tooth. Scanning Electron Micrographs (fig. 13) of the sealant• 
. 
enamel interface reveal 11 tag-like11 structures, 10-20 microns in 
length, responsible for this mechanical "lock" of the material 
within the tooth surface. The penetration of adhesive material 
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into the microscopic spaces and pores produced by s light etch-
ing of the enamel appears conducive to physical retention of 
the material. It is important that the ultraviolet light be 
held close enough to the tooth so tha t the intensity is suffi-
cient to induce polymerization through t .he mass of the material 
including that which may have penetrated the enamel surface to 
form the "prism-lik.e" tags. 
Some discussion should be given the sealant-bracket bond 
interface as revealed by the Scanning Electron Microscope. 
There was no apparent physical penetration of either material 
into the other. The interface appeared to be of greater den-
sity than either the sealant or the bracket bond. (fig. 15) 
This suggests the possibility of a chemical union be tween the 
two adhesives. Further tests are needed to substantiate this 
hypothesis. 
The S.E.M. also revealed a high deg~ee of porosity within 
the bracket bond. (fig. 14) This is probably indicative of a 
poor mixing technique and further studies should incorporate a 
-more refined method of mixing the monomer and polymer. The 
use of some type of vacuum mixing system should be investigated. 
Future · investigations of bracket design, espe·cially for the 
teeth in the posterior regions of the mouth, are also indicated. 
When sophisticated plastic brackets are commercially available, 
this direct bonding system will be a valuable adjunct in the 
daily practice of orthodontics. 
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SUMMARY 
An adhesive system for the direct bonding of ortho-
dontic attachments to the teeth has been described. The 
system employs the use of the pit and fissure sealant de-
scribed by Buonocore (32) and a cementing agent produced by 
G.A.C. International, Inc. 
1. A total of 552 brackets were placed over a seven 
month period with a success rate of 92.2'~. 
2. This technique appears to be superior to those pre-
viously described. (1-7) For example, it is easy to apply, 
has a long shelf life, is completely safe and is able to 
sustain all conventional treatment force systems. In addition, 
the pit and fissure sealant offers protection from caries. 
3. When sophisticated plastic brackets become commercially 
available, the system of plastic bracket bonding will be a 
valuable aesthetic adjunct to the clinical practice of ortho-
dontics. 
4. The plastic attachments may have a lower coefficient 
of friction than the metal brackets. This could be , an added 
advantage in the maintenance of anchorage requirements. 
5. Scanning Electron Micrographs indicate a chemical 
union between the sealant and cementing agent. 
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TABLE 1 
BICUSPIDS CUSPIDS INCISORS TOTAL 
BRACKETS PLACED 146 148 258 552 
. 
BRACKETS LOST 24 8 1 1 43 
PER CENT LOST 16.4% 5.4% 4. zilo 7.8% 
' 
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Figure 1. A thorough prophylaxis is performed with fluoride 
free pumice. 
Figure 2. The teeth are isolated by means of the rubber dam. 
Cotton rolls and a saliva ejector may be used as 
an alternate method of isolation. 
Figure 3. 
Figure 4. 
The conditioner is continuously rubbed on the tooth 
surface for 60 seconds: 5 additional seconds is added 
to the total time for each additional tooth to be 
bracketed. · 
The conditioned teeth are then thoroughly washed with 
water and air-dried. Note the chaulky white appearance. 
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FIGURE 3 FIGURE 4 
FIGURE 1 FIGURE 2 
FIGURE 3 FIGURE 4 
Figure 5. The sealant is applied to the conditioned enamel sur-
faces with a fine camel hair brush using short over-
lapping strokes. 
Figure 6. The sealant is polymerized by holding the ultraviolet 
light approximately 2-3 mm. from the tooth surface for 
20-30 seconds per tooth. 
Figure 7. The teeth are thoroughly wiped with a wet cotton roll 
to remove any unpolymerized sealant. 
Figure 8. The G.A.C. adhesive is then mixed to a syrupy consis-
tency. 
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FIGURE 5 FIGURE 6 
FIGURE 7 FIGURE 8 
Figure 9. The bracket is held with a small hemostat-like plier 
and dipped into the loosely mixed cement so that a 
thin film coats the adhering surface of the bracket. 
Figure 10. The bracket is placed firmly against the tooth. Indi-
vidual positioning must be accomplished within 10-15 
seconds for maximum bond strength. 
Figure 11. Application of extraoral forces. 
Figu!e 12. Application of torquing auxiliaries. 
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FIGURE 9 FIGURE 10 
FIGURE 11 FIGURE 12 . 
Figure 13. 
Figure 14. 
Figure 15. 
• 
Scanning Electron Micrographs (400 X) of the tooth, 
sealant, and cementing agent. The arrow indicates 
the junction of the sealant and the tooth. The "tags" 
represent the penetration of the sealant into the 
interprismatic spaces and pores of the conditioned 
enamel surface. 
Scanning Electron Micrographs (2000 X) of the tooth (T), 
sealant (S) and cementing agent (C). Arrow "A" in-
dicates the tooth-sealant junction. Arrow 11 B11 repre-
sents the junction of the sealant and cementing agent. 
Arrow "C" shows the cementing agent-bracket interface. 
The high degree of porosity within the cementing agent 
is noted with the letter "P". 
• • 
Scanning Electron Micrographs (400 X) of the tooth (T), 
sealant (S) and cementing agent (C). The dense area 
between the two arrows represents what is thought to 
be a chemical bond between the sealant and cementing 
agent • 
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Figure 16. The aesthetic appearance of the plastic brackets as 
compared with conventional bands and brackets. 
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